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(57) Abstract 

PURPOSE: To obtain an optical range finder/a or group 
refractive index meter being simple and of high accuracy. 

CONSTITUTION: A laser light from LDflassr diode) 110 fe 
applied to a reflector through a fiber 131. A 
light-detecting part 200 detects a reflected modulated 
light reflected by an object and returning from it and 
outputs a 6ignal reflecting a phass difference between 
the laser light and a modulated signal. On the basis of 
1he value of that signal, the frequency of the modulated 
signal is changed and phase-locked finally. When the 
frequency of the modulated signal is fixed by being 
phase-locked, accordingly, this frequency always 
corresponds to the distance from the LD 110 to the 
reflector and the group refractive index of a substance 
tilling an optical path. On the bases of an output 
frequency at the time point of being phase-locked, the 
distance to the object or the group refractive Index of 
the substance filfing the optical path at this time can 
bs determined amply and with high accuracy. 
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&D/A3>;W8 1 OfcWe-rsctfcJ:?). 

(«Att. 10 8 Hz frig) T, *r, D/AU>A- 
*8 2 0©tH*mffEffi£fB&0£:LT, 7i-Xn-^t 
SllfflfWiSSif l&fHHTS. £©£#. Sgi 
* ©£IWi&&{i f 1 ic^UTfi, 
n/c+Td) - (1 7) 

*5$5ff-Tfin £*<*»Tfc5fc&gW©$j£<g£jfc&.5;i 

[0 0 4 0] fflag5^f>D/A3>/\'-3'8 2 0 

ic®j3itffl^©iiin}g^&^fT-rs. comet, im&ifi 
£sw&&©if#A f a*. 



£n-5nCD&*fi!£n»Ai £Lt. (18) SO r C j 

m+1 +3/4=f 2 • (2L 
«**04^. (17) St (19) SCtSaUfcSttTm-fr 
m= (7 f 1-3 f 2) / [4 
£ftO, ttSlfflf l4J.tr; f 2 A^m^J&SCtdtT 
£4. r©m©fit£ (17) sSKftAbT, Sl^tt&T 
*»E«L*4^tt»JH*f*ntffttt-r*. 
[0 0 4 2] ft*. D/A3 >A'-^ 8 1 0. 8 2 0 tt 



- (1 8) 

[00 4 1] £ 5 LT, D/A3 8 2 0 ©^jft 

£tH»"f*. ff-a!lL/fc7x-XD>y^^}$a©<i*<f 1 

K-SUfc«£. fflagKttJiirDSA f i^d/A3 

f 2TI1 

• n/c +Td) - (1 9) 

(f 2-f 1) ] (20) 

W*l!OD/A3>;X-^*fflV>T«EEapfi[fiff-3Tt) 

[0 0 4 3] ftT. **[BOft#»*l6«C^HTIIliJ! 
f*. 

[0 0 44] (gl&Jfiff) H9C. a7<OK2<Ofi-i 
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13 

7©##«lj£ SB* y 7 -f a-x n ~7izfom Lfc#fg 

W©* 1 **«©«Bft*r. V—*¥—?^-%— H (L 
D) 1 1 0*"=>©P— tf-ftfi. 7 7 -f A -_i 3 i Sa 

k'- A# 1 3 'J > - N £ ftT* 0 $&#©-,£ 13 Jitt£ n 
3„ gg©$##jg7jl::;&D, V— tf-ftot'-ATWE 
AbTlS^i^ 3-+- *a-^yjXA«OH» 

1 3 1 oait3ttO-«l4, 5 5-6 1 0, 6 2 0ldio 
T77-17X-1 3 2 («EiEfflO^SS) C«jJ»n*. 

[0 0 4 5] -tj, ***»6©tta3en. 

2 5 0Sfi^T7 7-fA'-l 3 3&S«T-5r<J:IC«fc 
0. 7^7 ^1^2 6 1 t^*>tl5. )Ef7-fJ^2 6 
Hi. ##$&3W4T&7^l^-£<t^£#3^£n 

fc*©fc©-e*-5. If7^W2 6 l*^Lfc3tf±. 
ftWgiSSig 2 6 2 C<WtpJ^ai§2 6 

A#t^flC§3t6?2 0 0©3E?J®I!§3fcgg2 1 0©&?D£ 

ri>S©R!33fctt, K±©7 r D-feXS'iiiT^gE2 0 OIC 
A7J-T5. gftfflS2 0 0T(4. ±i£Lfc«fc-5l;:. ;r©§ 
3tfi^iSJEW®%Sg§4 0 0©W7jT-5^m^i:© 

[0 0 4 7] *asitWCtt, SffiSTOSS«lg4 0 

o <D&ji-rz$zffl{m&&Mm2 7 2*^^r-5^^a 

f ©KS«^fc«koTtt*2BI«B2 7 lTffiffiggBLfc 
S3t«2 0 OlCATjLTI^S. Mttftftt. ±$© 
7 x-Xp s/ ^;p-X©;i.-X7 w Jl^ofiHfffiJ: 0 t> 
^^^l><@('^Sn^©T7x-XD^^#14lc^ 

7x-XDs/i7UfciKS8Tfi. 
S*«2 0 0i*goBiBff*%WoB^tt. E8E»f©£8iE 
»HA«tiOti!f3T40. -©fl<t££8f*i®§g7 
3 0 S^- L-TtHHfflfPffi 7 1 0 ^ATJ-TS :tl:«t0, 

«K8»«»fei;!t d i*WS?riBi: LTl^-5. 
[0 0 4 8] §#95 2 0 0©£H?jfI^te, 

1 0iQ-/U7^M3 2 0 i£fl-LTSIEfWffll58g 
S§4 0 OC^-FAy* A^TS. 

OOte, C©A*(i#©«JEfflt*i;ft:«ft»TKfi-r 
**BI«#*4j«LT. LDKKlSBl 2 0^731"^. 

LDTOesi2oti, iEiiffli^ssi4 o o©ta^*m 

ffi*itTLD 1 1 OIC^*.*. LD 1 1 0©ffl£te. 

3 1 t^t/T*«Jfe»«fl!)tt#, 
14. &jEffl3fc?8©5 5-6 1 0, 55-6 2 0. 7?-f ; 



< 8 > ^H¥7-6 3 8 5 5 

A-l 3 2^*»n*. 
[0 0 4 9] ^-7-fey h^EW^g&lCfcSftffi&tijgSS 
£tt8B2 0 0©UJ7j©-8g«. ffHBIfflffll 

a? 7 1 oc»*n*. stmffl®®7 1 o-m, «shi$ 

©^A»ll^-r-5§3tgg2 0 0©tb73^ rovj IcfcS 
«t5(C §#$2 0 0©^-7iry bmE.£m&?2>. 

[0050] ztz, mmmmm? 1 oa. 

y?©®fflH£frVi. ^©tSa^x-Xna:?&#©j6£3jr 
■f£jgi£g:£^i£S:#7>3'5 o 0d»SKSl0. iffl5&tf 
if «»#*T©JBl«f-ffLT*;i*«7 2 0 iCSJ^ffiSSr 

[0 0 5 1] KT. **IS«lOKBoaf^lC^Jr»TRM 
T£. LD1 1 0*>6©U— tf-3Ktt. 771" A- 1 3 
1 *atJTB«0«M*:i:llH»an*. g3fc8&2 0 0(4. 

ttffite, LD 1 1 0*»6ffl»Sn*I/— !f->Et«EE(lll 

w^ss4 o Q&tiitiTz&®mn£<D&mmtK/2 

C&**frT-tODCHl*j«»«i-Knt!ft*. Lfc#o 
T. 7x-Xns/?SftT®E4«ffll»fiJg4 0 0©Ui73 

1 i o*6Bfi©#»#3;T©K&ic#j£L;tt>©(tteo 

2 5 0Smt77^n-l 33$MW;t©7i 

5-6 1 0 l TOBa**6« ^ i 

[0 0 5 2] £*T, £ 1 StEttfla>A#A9A£ft#lc?v» 
Tlft§g-r-5. &77-TA-1 3 1. 1 3 2, 1 3 3 ©fi 
2\Z1. 5mTSD. S77<A , -13 1. 1 3 2, 1 

3 3 ammmmt 1 . stso, 7r-r;t-i 3 i©m 

W^S^e.5 5-6 1 0*T©Egi[4 5mmTafet). 5 5 
-6 1 0*637-6 2 0*r©lgl3ll42. 5mmT* 
0, 3 7-6 2 0*^77-fA'-13 2STCDliilJ 
2. 5mmT*0. §©©%#£ T?©3tK©¥^S*r^ 
0T*0. LD 1 1 0^©i£3fcS81 0 0. §3£fiB 

«7 200, JttffffSTraffasmigottnAt 5 n s 

0. S^<WtM*'3xlO' m/sT$5i:t, 
( 1 1 ) 6 f i (®!iEffi©^8SlcaiJ^3t5:/H Ax 
$-Sfc«-&©fiI) iLT, 
f i =3/4 ■ (Tdi +Tci ) 
= 3/4 • {[2X1. 5X1. 5 
+ (5 + 2. 5 + 2. 5) xio n /3X10 8 
+ 5 X 1 0" 9 } 1 
= 3 7. 437605X1 0 6 

50 [0 0 5 3] &IZ, 55-6 1 0 a>6®$]£2t&T&.5 
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(9) 



15 

«9#*T©Eai*2 0 cm. ¥£JS*f4S£l. Oith 

m tlx, 

f 2 =3/4 • {[2X1. 5X1. 5 

+ (5 + 5) X10 s + 2XO. 2] /3X10 1 

+ 5X1 0') 1 

= 3 5. 101404X1 0 6 

[0 0 5 4] ZZT-m$L&mi£<Dmm$:6tij (±1/1000 

ooo) if* t. «*©m0H2au4 (13) 

AL=0. 000002X3X (f 2 -» + f , * v 

. / (2X4) =1 2. 42ym 

fcfc'U n= 1 tLt. S»A>6*5. 15M 

T*-5i. tittOftmmtLT 1 / 2 0 0 0 SSjTT * 
i. ffiarcoNrW^ig^ 

(1 5X 1 0 s ) -'/2 0 0 0 = 3 3. 3X 1 0-' 2 
3 X 1 0 8 X3 3. 3 X 1 0- 12 /2 = 5mm 

[0 0 5 5] coj:5k:, m&^m^-cntmimm 
icw-n*riic«to. #¥£©«s?aa^&$&©^ra 
cifltpjtgifcs. £0«k5&sas 

S^jSf * £ i BltgT* 5 . 
[0 0 5 6] &:fc, ±IB©7r-1'A'X3-yTfi, Sg2 

IB 1 ©$"f 7*&ttjS 3 ©^-f 70X¥ffi££B&$lJli 
f -5^it)BligT&-5 0 ££U * 1 O^-f ^03t^R| 

Axn-T'iOfca'J^a^fiTf Scot. ®£rn]±© 
TSffif *&. JB3©^-f^C!»t*SBe 

[0 0 5 7] (3I2^J£0!|) 01 OK, 0 7WS&2©* 

-f 7*©#¥aj£gft e 7 r -f /x-x a - l fc* 

3 3 2afttt&&£3-&T. ft 

&#6 3 0fci*£fflHT7 7'f A'-l 3 1 6 ©tfitttt 
C-»*7 7-fA-l 3 2 CRT. #7T-f/t-05HB 

(n- 1) • 10 1 =[2371.4 +683939.7 
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15 



JO 



30 



40 



A 'S7-6 1 0^655-6 2 

2 0*577^1-1 3 3iTOlS^St^£^ 
dOSSS^lTfS, 7 7^A'l 3 1 i 7 7 1" A 

*f*i:£t>»JttT*4. £©«£fi. ft&#6 3 0£ 
[0 0 5 8] fcjfe. *%ttftlC£t>T<b£l%JMf£H 

7 7-f A'Xn-^iOfcSiI^fi^fiTf 5©T, 
lft±Ofca&. SB£Prtrr«|9tt#aiH|g£gbe*iN 

SHE UTffiffif ^©^-fT"©?*; 

[0 0 5 9] 3 HJtM) 01 1IC. 07WSH2©? 

3g»0U©g!I£3rr. #£JS0!i©ggte, g2$jttt* 
0»BIC7 7"f/Xl 3 10*UJ»j|*J:at 7r ^m 3 

osMtMsns. *&, ®ag87 4 0(i, ■&2% 
ss^j©i!iagB7 1 o^^rts$n*@tb^tespasf^ 

fi!l5£fil£^f So 

[0 0 6 0] J^T, **SS«sicDSg©ai^(co^TIHW 
f-5. LD1 1 O^SOU— !f-3fcl4. y 7 ^;^-i 3 
1 SiloTSgOigMfcKflgjtSnS. §3^05 2 0 0(1 

*«tt. LD1 1 0j&»5tttt3n*W-tf-#£flftEIW 
ffllfSiISg4 0 0«tHJ*f*f«Blfl|^toftffisgat ff /2 

T> 7i-XD7^SftT«EIWJIil4 0 o©m+j 

1 1 0^^ggW#)ftST©^IC^L,>tt)©i^o 
TI^S. iot, E&»*£>*5 0 OTt&EMffllSB® 
«4 0 0©ffl*«»»ftqE=^LT*tt«. **B*j*T 

V?2 5 0£gjg*T7 7'f A-l 3 3£g#?b£l$0 
7x-Xd v * H»ft©ttH*£fctfTfr5 C ilC <k 
0. **SS#9©gffgfrlceHf 2.fiffiH$^*L&± 
T, ^SS^^fef^HraSH^^^fe^-i-^-p^ 
•5. 

[0 0 6 1] r©SBTS3t«2 0 0iKltfr6 5 Oi 
( 130-O 2 )/( 130-a 2 ) 2 



+4547.3 - (38.9+a 2 )/(38.9+a 2 ) 2 ] • Ds 



+[6487. 31+174. 174 • a 2 
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17 



Ds =(P S / 



D, =(P, / T ) 



(10) 

-3.55750- o 4 -KJ.61957 • a 6 ] • Dt 
T ) • [ 1+Ps ■ (57.90- 10" 8 

-9.3250 • 10 " 4 /T +0.25844/T)] 
[ 1+P, • ( l+(3.7-10" 4 ) • P, ) 
■ ( -2.37321 • 10 -» +2.23366/T 
-710. 792/ T 2 +7. 75141 • 10< 
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(2 1) 
(2 2) 



&*I£5HEE (hPa) 



Pi 

T 

a 



IT. Ps 
:*&»JEE (hPa) 

:#&ffi& C K) j0 
: *£+T©j«£g©j£& Urn 1 ) 
it/^^SSTSSn* (J.C.Owens. " Optical Refra 
ctive Index of Air: Dependence on Pressure, Tempera 
ture and Composition" , Applied Optics 6(1),1967, 
PP51-58) . LfeAbt. II, MS.. *<ktf»E©rt 

[0 0 6 2] fcfc, *SliS«3il|ICi5^Tfe®l|liS«lJt|l 

sic, s&i©^ 7£rz\z%3V)?-i7<Dyt¥MiZ£m 20 

aj^l/TffiffifSf^B^feS. Sit, S3 05^"f^©^ 

[0 0 6 3] *%FjPj», ±B©*lS«fc|fij£;£jh.5fc0 
T?ttft<*»*»?IIBT»«. «Atf, ±i2©fHSS0!l©g 
BTtt. LD©ftDfcSBM«fl©LED«fefflJ,rct> 

[0 0 6 4] 

gttSBfflfl^ 6 g $ T©i§f8 Kttlfc L it t> © t o 



50 



/T» )] 
- (2 3) 

[0065] *9e9i<am2m%#ti£&mz*ti 

«. £#ffi©£il«^©&ffi<hgtt6B-T?©53t£ltt© 
fiffi t ©M £ 3£aSS2!£}tg§ SWT -5 Sttgg-Cuf feigg 

lc*t£;L;t<&©<»:fcr>TV>-5. LtiSbT, J^i£&a*@ 



[01] #fgg§©sg 1 ©^-r zf<D^m^.mmowm<n 

[0 2 ] gftg&O&figfcl l ©£(f£0-C*.5>. 

[03] s^esosfj^roraisiTss. 

[04] gWte^Oj&gOKWBTfc*. 
[05] 33M^j£ffl2 0!)«}&H-?&S. 
[06] S3C«0«}fiKM3C!)«}jAHT««. 
[07] *^M©m2©^^7'©^S|^ n lo^E)§oD 
^0Tfe-5. 

[08] #*§fl©S62©*>r;7©3fc'f^££B©«B&© 

[09] SlldfiflCD3l£4tWg«B0!>mHTft«. 
[010] ^2HSS^|©)t^a!l^gg©«fiE0Tafe-5. 
[011] S3'JtEMMO31 < ^nigSjB0!>ISj«HT»«. 
[«F^©mK] 

1 0 o-syfe«. 2 0 0 2 1 O-jtigftSS 

3 10-BSJMtiHB. 3 2 0-D-;«7^ 
4 0 0 - < tI£f&JffiI58SS§, 5 0 0-MS*'>> 
6 1 0, 6 2 0-57-, 6 3 0-JS^ft:, 65 0 
-SltS, 7 1 0 -If fflffifflSB. 7 2 0 -g^ffi, 8 0 
0 -ZIEMttftXfta. 8 1 0, 8 2 0-D/A3>A* 
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(a)flt1B«=0 
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-6 3 8 5 5 



14] 




(0) £&K 




(b) =aa 




►t 



(c) (d) 



[06] 
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LI i C 3 
MSM Tilr 





VRI 



(ACO) 



(PHO) 



A1 
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mi: 
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[08] 
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ftmW- 7-6 3 8 5 5 
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